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ABSTRACT 


This  report  describes  the  data  acquisition  system  of  a  coarse  optical 
power  spectrum  estimator  (COPSE).  The  major  components  of  the  data  system 
Including  the  RS-WD6420  detector  and  the  operating  software  are  described  and 
calibration  data  are  presented.  This  report  is  intended  to  function  primarily 
as  a  comprehensive  operating  manual. 


RESUME 


Le  but  de  cette  note  technique  est  de  fournir  un  mode  d’emploi 
detaille  a  I'usager  d'un  systeme  d' acquisition  de  donnees  pour  un  estimateur  de 
spectre  de  puissance  optique  3  faible  resolution.  On  y  decrit  les  composantes 
princlpales  du  systeme,  soient  le  detecteur  RS-WD6420  et  les  logiciels 
appropies,  alnsi  que  les  precedures  de  calibration. 
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1.0  TMIPOOL’CTIOK 


Optical  pov'cr  Kpectrum  analysis  has  become  an  important  tool  in  many 
areas  of  research.  It  has  been  found  to  be  useful  in  such  diverse  fields  as 
image  quality  analysis  [l],  disease  screening  [2]  and  pattern  recognition 
studies  [3\  Determining  the  optical  power  spectrum  of  a  transparency  Involves 
estimating  tlie  square  of  the  modulus  of  the  Fourier  transform  of  its  amplitude 
distribution.  Under  proper  ccnditlons,  this  distribution  is  proportional  to  the 
intensity  distribution  of  the  Fraunhofer  pattern  found  in  the  back  focal  plane 
of  a  transform  lens  whose  input  is  the  coherently  illuminated  transparency. 
However,  precise  treasurement  of  an  optical  power  spectrum  is  difficult,  time 
consuming  and  could  very  easily  involve  large  data  loads.  For  this  reason,  many 
researciier.s  have  turned  to  coarse  sampling  [l],  [2],  [3]  and  [4],  sacrificing 
de.tail  ir  the  estimated  pattern  for  increased  speed  and  data  compression. 

Recognition  Systems  of  Van  Nuys,  California  market  a  series  of 
segmer. tctl  solid  state  detectors  which  are  very  useful  for  high  speed  parallel 
sam.pling  of  a  Fraunhofer  pattern.  A  data  acquisition  system  was  assembled 
Incorporating  one  of  these  detectors  (the  64-elcment  WD-6420)  into  a  coarse 
optical  power  spectrum  estimator  (COPSE). 

-Th.c  sy.stem.  consists  of  the  detector,  an  electronic  sub-system  and 
software  for  a  NOVA  12C0  mini-computer  and  Xerox  Sigma  9  computer  using  nine 
track  magnetic  tape  (Sec  figure  1).  The  user  has  a  choice  of  several  gains 
and  biases,  log  or  linear  mode  of  operation,  automatic  or  manual  sampling  and  a 
variable  sampling  trequency.  The  signals  coming  from  the  64  photo-diodes  in 
the  detector  are  first  multiplexed  onto  one  channel.  The  multiplexed  signal  is 
amplified,  biassed  and  amplified  again  before  it  is  sampled  and  digitized.  The 
digital  samples  arc-  then  stored  on  the  magnetic  tape  for  later  processing.  The 
major  components  of  the  system  are  described  below.  The  implementation  of  the 
system  to  estlnatc  cf  rica.l  power  spectra  will  be  reported  in  subsequent  publi¬ 
cations  .  - 


2.0  RS-UD6420  DEILCTOR 


2 . 1  Detector  Coometry 

Figure  2  shows  a  schematic  of  the  face  plate  of  the  RS-WD6420  detector. 
The  detector  is  mounted  (figure  3)  in  a  precision  positioner  that  allows  for 
four  degrees  of  freedom..  It  is  composed  of  32  independent  ring  and  wedge 
elements  plu.s  tv;o  20°  dead  scratch  pads.  The  rings  provide  information  on  the 
spatial-frequency  profile  of  the  detected  pattern  and  the  wedges  on  the  direction 
profile.  Fee  Table  I  for  dimensions  and  areas  [5]. 

The  64  elements  arc  m.£ sa-dl f fused  silicon  photo-diodes.  They  are  on 
a  common  suhrtratc  and  operate  in  the  photovoltaic  or  current  mode.  Each 
contains  r.  gold  conductor  and  Is  separated  from  the  next  by  a  light-insensitive 
region.  The  first,  and  only  circular  element,  is  used  for  alignment  and  to 
approximate  liic  zero  frequency  (zero  order)  of  the  detected  pattern.  The 
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FIGURE  1  -  COPSE  DATA  ACQUISITION  SYSTEM 


FIGUFE  2  -  ES-WV6420  DETECTOR  FACE  PLATE 
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FIGURE  3  -  ES-WD6420  DETECTOR  MOUNTED  IN  A  PRECISION  POSITIONER 

A.  RS-WD6420  Detector 

B.  64  Channel  0/T’s  from  Detector 

C.  Back  of  Multi flex 

D.  Back  of  Interface 
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TABLE  I  5 


RS-WD6420  DETECTOR  DIMENSIONS 
(FROM  DATA  SUPPLIED  BY  MANUFACTURER) 


ELEMENT 

NimER 

ANGLE 

(deg.) 

INNER 

RADIUS 

(itnii . ) 

INNER  RADIUS 
METAL  CONDUCTOR 
(mm. ) 

OUTER  RADIUS 
METAL  CONDUCTOR 
(mm. ) 

OUTER 
RADIUS 
(mm. ) 

WIDTH 
(mm. ) 

AREA 
(mm. ^) 

1 

360.0 

0 

0.051 

0.051 

0.102 

0.102 

0.032 

2 

160.0 

0.165 

0.193 

0.218 

0.244 

0.079 

0.030 

3 

160.0 

0.307 

0.351 

0.376 

0.419 

0.112 

0.088 

4 

160.0 

0.483 

0.539 

0.564 

0.622 

0.140 

0.176 

5 

160.0 

0.686 

0.757 

0.782 

0.853 

0.168 

0.306 

6 

144.2 

0.917 

1.001 

1.026 

1.113 

0.196 

0.435 

7 

147.5 

1.176 

1.273 

1.298 

1.395 

0.219 

0.639 

8 

149.9 

1.458 

1.527 

1.593 

1.702 

0.244 

0.903 

9 

151.6 

1.765 

1.885 

1.910 

2.032 

0.267 

1.212 

10 

152.9 

2.096 

2.223 

2.248 

2.390 

0.295 

1.612 

11 

160.0 

2.466 

2.604 

2.629 

2.769 

0.302 

2.024 

12 

160.0 

2.845 

2.995 

3.020 

3.170 

0.325 

2.517 

13 

160.0 

3.246 

3.409 

3.434 

3.594 

0.348 

3.081 

14 

160.0 

3.670 

3.843 

3.868 

4.041 

0.371 

3.719 

15 

160.0 

4.117 

4.500 

4.326 

4.511 

0.394 

4.437 

16 

160.0 

4.587 

4 . 780 

4.806 

5.001 

0.414 

5.203 

17 

160.0 

5.078 

5.283 

4.309 

5.517 

0.439 

6.125 

18 

160.0 

5.593 

5.809 

5.834 

6.053 

0.460 

7.063 

19 

160.0 

6.129 

6.358 

6.383 

6.612 

0.483 

8.133 

20 

160.0 

6.688 

6.927 

6.952 

7.191 

0.503 

9.253 

21 

160.0 

7.267 

7.531 

7.557 

7.795 

0.528 

10.576 

22 

160.0 

7.872 

8.146 

8.171 

8.420 

0.549 

11.901 

23 

160.0 

8.496 

8 . 781 

8.806 

9.065 

0.569 

13.328 

24 

160.0 

9.142 

9.426 

9.451 

9.733 

0.592 

14.927 

25 

160.0 

9.810 

10.104 

10.130 

10.424 

0.615 

16.648 

26 

160.0 

10.500 

10 . 805 

10.831 

11.138 

0.638 

18.495 

27 

160.0 

11.214 

11.529 

11.555 

11.872 

0.658 

20.387 

28 

160.0 

11.948 

12.276 

12.301 

12.629 

0.681 

22.488 

29 

160.0 

12.705 

13.043 

13.068 

13.409 

0.704 

24.728 

30 

160.0 

13.485 

13.835 

13.858 

14.209 

0.724 

27.009 

31 

160.0 

14.285 

14.646 

14.671 

15.032 

0.747 

29.528 

32 

160.0 

15.108 

15.479 

15.504 

15.875 

0.767 

32.085 

33  to  64 

5.0 

1.168 

- 

- 

15.364 

- 

8.81 
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widths  and  areas  of  the  remaining  31  rings  increase  with  ring  number  (figures 
4  and  5).  Consequently,  the  detector  provides  finer  sampling  near  the  zero 
order  where  most  of  the  Information  in  a  diffraction  pattern  is  found.  The 
coarser  high  frequency  sampling  tends  to  average  out  the  noise  and  produce  a 
more  stable  and  representative  spectrum. 

Conversely,  the  32  wedges  are  of  equal  area.  They  have  an  inner 
radius  of  1.168  mm.,  an  outer  radius  of  15.364  mm.,  and  an  included  angle  of 
5"^’.  Therefore,  they  don't  pn‘  ide  any  directional  information  ft>r  that  part 
of  the  detected  pattern  covered  by  the  first  six  rings. 


2.2  Response 


The  photo-diodes  do  not  have  equal  sensitivity  to  light.  Using  the 
data  supplied  by  the  manufacturer,  a  plot  of  sensitivity  (normalized  to  that  of 
the  first  ring)  with  element  number  takes  the  form  of  the  curves  in  figures 
6  and  7.  Furthermore,  the  detector  is  covered  by  a  glass  plate  which  is  anti- 
reflection  coated  for  6328  Angstroms.  This  plate  protects  the  photo-diodes 
from  damage  but  it  also  causes  a  halation  effect  similar  to  that  which  occurs 
in  film:  a  halo  appears  around  any  focused  s  t  on  the  detector.  So,  letting 
I(R,())  represent  the  intensity  distribution  in  polar  co-ordinates  (R,9)  of  the 
pattern  to  ho  sampled,  the  energy  measured  by  the  nth  diode  is 


I' 

...f 


R  I(R,0)  d0  dR 


wliere  (R  ,  R  )  and  (0,0)  are  its  radial  and  angular  limits  respectively, 
n  1  n  2  n  j  n  2 

Consequently,  the  magnitude  of  its  output  current  i^  is 


+  E,  H 


where 


relative  sensitivity  for  the  nth  diode 


H  halation  constant  for  the  nth  diode 
n 

E]  energy  detected  by  the  first  ring 


R  I(R,0)  d0  dR 
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RING  NUMBER 
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Niite,  reversed  polarity  and 

n  ‘  element  number 

=  1,2,3,. ...64.  (4) 

The  first  32  element  numbers  are  the  ring,  numbers;  the  last  32,  the  wedge  numbers. 

3.0  ELECTROiaC  SmSYSTEM 


The  electronic  subsystem  (figures  R  .and  9)  is  composed  of  three 
devices;  n  multiplex,  an  interface  and  an  B  bit  Data  General  A/D  converter. 

3 . 1  Multiplex 

The  sign.'ils  com;irp  from  the  64  photo-diodes  are  first  passed  to  the 
64  input  channels  of  the  nultiplex  where  they  are  switched  either  manually  or 
automatic.'’.]  ly  ento  one  channel.  The  switching  is  accomplished  sc  as  to  reduce 
leakage  currents  and  cress  talk.  Whenever  one  of  the  channels  is  switched,  the 
other  63  .-re  grounded. 

Tlic  multiplex  gives  the  user  the  choice  of  two  modes  of  operation: 
log  and  IJncar,  In  linear  mode,  the  output  of  the  multiplex  is  essentially 
across  n  lOK  resistive  load.  Letting  V  (n)  represent  the  multiplex  output 
voltage  for  the  nth  diode, 


V  (n) 
m 


X  10 


volts . 


(5) 


In  log  mode,  the  Analog  Device  model  752P  logarithmic  transconductor  in  the 
multiplex  accepts  only  negative  currents.  It  has  a  reference  current  of  10 
Damps  and  is  adjusted  to  give  two  volts  per  decade: 

V^(n)  -  2  log^p  volts.  (6) 

‘  n ' 


3 . 2  Interface 

The  A/D  converter  has  an  input  volt.'ige  range  of  only  0  to  10  volts. 
To  fully  utillxe  this  range,  the  interface  supplies  the  user  with  a  choice  of 
three  gains:  0.833,  1  and  5;  two  scaling  factors:  1  and  10;  and  seven  offset 
voltages:  0,2,4,6,8,10  and  12  volts. 

V  (n)  -  -C  [V  V  (n)  +  volts.  (7) 

1  in  u  r  r 


I'NGLASSIKIKD 


FIGURE  8  -  RS-WD6420  DETECTOR,  INTERFACE  AND  MULTIPLEX 


A.  Interface 

B.  Multiplex 

C.  64  Input  Channels  of  Multiplex 

D.  64  Output  Channels  of  RS~WD6420  Detector 

E.  Mounted  RS-WD6420  Detector 
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64  I/P  CHANNELS 


Features 

log/lineor  mode  of  operation 
manuol  switching  of  channels 
remote  switching 
dark  current  adjust 
channel  number  display 

gain,  scaling  factor,  voltage 
offset  and  sampling  frequency 
selection 

automatic  switching  of  channels 
with  START/STOP  control 
sound  generator  that  indicates 
when: 

a)  samples  are  taken 

b)  channels  ore  switched 

c)  under /overflow  of  ollowoble 
voltage  0/P  ronge  occurs 


sample /hold 

8  bit  onolog  to  digital  converter 


'icvn-  ;>  -  /I'l.nriTTCN  rivc^roKic  r,vB-SYPTEM 
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where  Vj(n)  ^  Interface  output  voltage  for  the  nth  diode 
G  "  gain 

M  scaling  factor 
V  =’  voltage  offset. 

Or  r 

Substituting  for  V  (n)  from  (5)  yields,  for  the  linear  mode  of  operation, 
in 

Vj(n)  "  G  (H  1 1^1  X  10^  -  V^pp)  volts.  (8) 


Hence,  for  V^(n)  to  be  within  the  input  voltage  range  of  the  A/D  converter. 


0.1 

M 


(10 

'■G 


+  V 


OFF 


3  >  ii  1  > 


0.1 

M 


OFF 


mllllamps 


(9) 


The  absolute  diode  current  ranges  according  to  equation  9  are  listed  in  Table 
n  for  various  combinations  of  gain,  scaling  factor  and  voltage  offset.  The 
blank  entries  correspond  to  where  |l^l  does  not  fall  within  the  recommended 

input  diode  current  range  given  in  Appendix  A  for  the  multiplex  on  linear. 

The  scaling  factor  M  is  used  only  on  linear  but  the  interface  does 
supply,  on  log,  an  additional  vS  volt  offset: 


V^(n)  -  -G  (n)  +  V-_„  -  8]  volts. 

1  n  Vt  r 


(10) 


Combining  equations  (6)  and  (10)  and  solving  jl^j  it  can  be  shown  that,  for 
Vj(n)  to  be  within  the  range  of  the  A/D  converter  on  log, 

V  V 

1  +  OFF  OFF 

10  0  2  >  I  ^  10  2  nanoamps.  (11) 

—  ‘  n'  — 


The  absolute  diode  current  ranges  according  to  equation  11  are  listed  in  Table 
m.  The  blank  entries  are  where  |i^!  does  not  fall  within  the  recommended  input 

diode  current  range  on  log  for  the  multiplex. 
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TABLE  ni 

ABSOLUTE  DIODE  CURRENT  RANGES  ON  LOG 


V 

OFF 

(Volts) 

LOW  VALUE 

OF  li  1 

HIGH  VALUE  OF  |l  I 
'  n ' 

G  0.833 

G  “  1 

G  =  5 

0 

1.006  mllllamps 

0.1  mllllamps 

10.0  namps 

2 

0.01  Damps 

- 

1.0  mllllamps 

0.1  Damps 

4 

0 . 1  Damps 

- 

- 

1.0  Damps 

6 

1.0  D^ps 

- 

- 

10.0  Damps 

8 

10 . 0  Damps 

- 

- 

0.1  mllllamps 

10 

0.1  mllllamps 

- 

- 

1.0  mllllamps 

12 

1.0  mllllamps 

- 

- 

- 
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The  ratio  of  AVj.(n),  an  incremental  change  in  Vj.(n),  to  that  in 

A  I i  I ,  is 
n 


Vi(n)  ^ 

A|TT  ^  g  X  m  X  10 


(12) 


on  linear  and 


AVj(n) 

Ali  I 


n 


0.869  G 


(13) 


on  log.  Obviously,  log  should  be  used  whenever,  for  a  given  scaling  factor  M, 


<  86-9 

-  M 


yamps 


(14) 


and  espeically  when 


|i^|  ^  8.69  yamps 


(15) 


since  it  gives  better  resolution  in  the  low  diode  current  range  than  does  the 
linear  mode. 

3.3  A/D  Converter 


The  analog- to-digltal  converter,  one  of  several  that  can  be  obtained 
from  Data  General  for  its  NOVA  1200  mini-computer,  can  do  a  maximum  of  62  K 
conversions  per  second  [6].  It  consists  of  a  sample  and  hold  unit  plus  an 
8  bit  successive-approximation  converter.  The  SAMPLE/HOLD  samples  the  output 
of  the  Interface  for  a  short  period  of  time  and  then  holds  the  sample  constant 
during  its  digital  conversion.  The  converter  essentially  divides  its  10  volt 
input  range  into  256  levels  and  assigns  an  unique  binary  integer  code  to  the 
levels  (figure  10) .  Tlie  code  for  each  level  corresponds  to  the  nominal  mid-range 
voltage  of  the  level  [7].  Vj(n)  is  consequently  coded  with  a  binary  number 

whose  decimal  equivalent  satisfies 

L  -  0.5  L  +  0.5 


where  L  is  an  integer  between  0  and  255.  Reversing  the  process  results  in 
n 

Vj(n)  being  approximated  by 
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L 

n 

25.6  ■ 


Note,  the  subscript  q  denotes  the  operation  of  quantization. 
Quantization  introduces  an  Irreducible  error 

eq  =  Vj.(n)  -  Vj^(n) 


(17) 


(18) 


that  is  dependent  on  the  number  of  levels.  This  error  has  a  value  of  zero  at 
the  mid-points  and,  in  this  case,  -0.0781  and  0.0781  volts  at  the  lower  and 
upper  ends  of  each  level. 

The  interface  sends  a  series  of  triggering  pulses  to  the  SAMPLE/HOLD 
unit  of  the  A/D  converter;  the  frequency  of  which  is  under  the  control  of  the 
user.  After  each  set  of  64  pulses  have  been  sent,  the  multiplex  automatically 
switches  to  the  next  input  channel.  Thus,  during  one  sampling  cycle,  the  64 
diodes  are  each  sampled  64  times  making  a  total  of  4096  samples. 

On  linear,  the  system  response  is  critically  damped.  The  sampling 
frequency  doesn't  matter.  On  the  other  hand,  the  lower  the  input  diode 
current,  the  slower  will  be  the  response  of  the  logarithmic  amplifie"  in  the 
multiplex.  Referring  to  figure  11,  when  the  absolute  value  of  the  •  .ode 
current  is  less  than  10  nanoamps,  the  system  tends  to  .‘r’ve  an  exponcntlal-llke 
response.  For  diode  currents  with  magnitudes  greater  rhar.  ’0  nanoamps,  it  has 
a  faster  response  but  there  is  some  ringing.  Obv-ouly,  ii  h'  A/D  converter 
is  triggered  to  sample  before  the  logarithmic  ar'J -iier  has  had  enough  time  to 
adjust  to  the  change  in  its  input,  the  resulting  sample  will  not  be  representa¬ 
tive  of  the  input  diode  current;  for  example,  sample  +  1  in  figure  11. 

Therefore,  system  speed  has  to  be  balanced  with  the  number  of  non- 
representative  samples  that  can  be  tolerated.  According  to  Appendix  A,  the 
logarithmic  amplifier  has  a  1  msec,  time  constant  when  the  diode  current  is 
-3  nanoamps.  It  follows  then,  to  successfully  sample  the  entire  recommended 
diode  current  range  on  log,  the  sampling  frequency  should  be  less  than  1000 
Hz.  Tests  done  In  the  lab  showed  that,  with  a  sampling  frequency  of  2490  Hz, 
only  those  diodes  whose  output  current  magnitudes  were  greater  than  1  pamp 
were  free  frem  bad  samples.  In  fact,  some  diodes  had  as  many  as  sixteen  bad 
samples.  At  500  Hz,  there  was  still  a  problem  with  currents  less  than  10 
nanoamps  in  magnitude  but,  at  the  most,  only  three  samples  per  diode  were  out 
of  specification.  It  is  recommended  that  the  user  work  with  sampling  frequencies 
cf  the  order  of  500  Hz  or  less  and  be  prepared  to  drop  the  first  four  samples 
of  each  diode. 
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SOFTWARE 


4 . 1  NOVA  A/D  Converter  Program 

The  NOVA  A/D  Converter  program,  run  on  the  NOVA  1200  mini-computer, 
stores  the  sampled  8  bit  binary  codes  on  a  9  track  magnetic  tape.  A  listing 
of  the  program  along  with  a  detailed  set  of  operating  instructions  can  be 
found  in  Appendix  B.  The  codes  are  stored  one  per  16  bit  word,  4096  per  data 
record.  A  data  record,  therefore,  contains  the  samples  from  one  complete 
sampling  of  the  detector.  The  Program  is  interactive.  It  queries  the  user  as 
to  which  tape  file  to  store  the  data  on,  the  number  of  data  records  and,  after 
the  asked  for  number  of  records  have  been  stored,  whether  or  not  to  continue. 

If  the  answer  is  yes,  the  new  records  are  stored  in  the  next  sequential  file 
on  the  tape.  The  program  also  stores  information  concerning  the  experiment  in 
the  first  record  of  the  file.  The  format  of  this  73  character  long  header 
record  (figure  12)  is  critical  since  it  is  instrumental  in  the  subsequent 
processing  of  the  samples. 

4.2  COPSE  Data  Processing  Program 

The  APL  COPSE  data  processing  program  is  run  on  a  Xerox  Sigma  9 
computer.  A  listing  of  the  program  plus  operating  instructions  is  given  in 
Appendix  C.  The  main  function  of  the  program  is  to  read-in,  clean-up  and 
process  the  data  on  the  tape  from  one  experiment.  The  program  first  reads  in 
the  header  record,  converts  it  into  ASCII  characters  and  decodes  it  to 
determine  the  number  of  data  records  in  the  file,  the  mode  of  operation  and 
the  interface  settings  of  the  experiment.  The  data  records  are  then  each 
assigned  a  sampling  frequency,  gain,  voltage  offset,  scaling  factor,  and  neutral 
density  transmittance  before  they  are  read  in  one-by-one  and  processed.  During 
the  processing,  the  binary  samples  in  each  record  are  converted  to  their  Integer 
decimal  equivalents.  If  the  user  wishes,  the  samples  are  plotted  as  a  function 
of  element  number  and,  using  these  plots,  the  user  has  the  option  of  specifying 
the  number  of  samples  to  drop  per  diode.  The  default  number  is  four.  The 

program  next  calculates  the  average  of  the  remaining  samples.  Letting  L 

n 

represent  the  kth  digital  output  of  the  A/D  converter  for  the  nth  diode,  it 
calculates 


where  k  is  the  number  of  representative  samples  per  diode  for  each  of  the 
diodes.  Thus  ( i  |  is  estimated  to  be,  via  equations  (5),  (6),  (8),  (10)  and 
(17),  " 


_ tt 
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FIGLTE  12  -  FOPM.T  OF  FIFE  HEALFE  PE  COPE 
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on  log. 

The  program  does  not  correct  for  dark  currents  since  the  coarse 
resolution  of  the  A/D  converter  makes  this  correction  insignificant.  However, 
before  the  detected  optical  power  spectrum  can  be  estimated,  the  following  would 
have  to  be  corrected  for: 

1.  relative  light  sensitivity  of  the  photo-diodes 

2.  uneven  illumination  of  the  input  transparency 

3.  halation  effects 

4.  time  fluctuations  in  the  illuminating  light. 

Furthermore,  if  the  optical  power  spectrtans  of  two  or  more  transparencies  are 
to  be  compared,  the  difference  between  their  average  film  densities  have  to  be 
taken  into  account.  Since  these  corrections  depend  on  the  geometry  of  the 
optical  segment  of  COPSE  system,  they  will  be  discussed  only  in  a  future  report. 
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FIGVBE  13  -  COPSE  DATA  ACQUISITION  SISTEI'  FLOW  CHAFF 
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ES^WD6420  DETECTOR,  INTERFACE  AND  MULTIPLEX 


A.  Interface 

B.  Multiplex 

C.  64  Input  Channels  of  Multiplex 

D.  64  Output  Channels  of  RS-WD6420  Detector 

E.  Mounted  I^~WD6420  Detector 
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1.  log/lin  switch 

2.  signol  0/P  plug 


3. 


MULTIPLEX 


4. 

5. 

6. 

7.*  9. 

8. 

10. 

II. 


1. 

2. 

3. 

4. 

5. 
6.#  7. 
8.P9. 
IQt^ll. 

12. 


I. 


Z. 


clock  I/P  plug-outomotic 
channel  switcher 
monuol  chonnel  switcher  and 
switching  direction 
dark  current  adjust 
reset  channel  switcher 
manual  channel  loader 
remote  monuol  channel  switcher 
channel  number  display 
ON /OFF  switch 


voltage  offset  knob 
sampling  frequency  knob 
gain  switch 
scaling  factor  switch 
log/lin  switch 

STOP/START  switching  controls 
clock/signal  0/P  plugs 
signal/clock  I/P  plugs 
ON /OFF  switch 


clock  I/P 
CHANNEL  0  I/P 


I'JCrFF  lf>  -  n./7UPFF  OF  FATA  ACQUISITION  SYSTEN 
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A.  2.  S-peclf  Icatlons 
Multiplex 

1.  Transfer  Function 

2.  Output  Voltage 

3.  Input  Current 

4.  Time  Response 


5.  Switch  Leakage  Current  : 

6.  Output  Voltage  Drift  : 

7.  Offset  Voltage  (Trimpot): 

Interface 

1.  Transfer  Function  : 


UNCLASSIFIED 


on  linear 
on  log 


V  I i I  X  10  volts 

V  -  2  log,„  v„l« 


-13.5  to  13.3  volts  Into  a  1  Mfi  resistor 
±13.0  volts  into  a  1  Kfi  resistor 

on  linear  -15*  namps  to  -1,3  namps 

-  3*  namps  to  -1,0  mamps 

(*  for  10%  accuracy) 

on  linear  30  ysec  to  be  within  1% 

on  log 

jij  <  10  namps  time  constant  ^  x  lo”^  sec. 

Ill 


I  i  I  100  namps 
1  yamps 
==  10  yamps 
=^0.1  mamps 
to  1  mamps 
200  pamps 
300  pamps  on 


0.9  msec,  to  be  within  1% 
0.2  msec,  to  be  within  1% 

50  ysec.  to  be  within  1% 
20 

20  ysec.  to  be  within  1% 
(open  I/P) 
channels  30  &  35 


(the  channels  are  numbered  0  to  63) 
±20  yvolts  withing  2  hrs. 

±100  yvolts 


on  linear 
on  log 
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V  -G(M  V^^  +  V^j^P  volts 


V  -  -G(V^^  +  Vqpj.)  volts 
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2. 

Output  Voltage  : 

-O.OS  to  10.2  volts 

3. 

3  dB  Frequency  Cut-Off  : 

S8  KHz  when  G  =  5 

18  KHz  when  G  M  =  SO 

A. 

Input  Bias  Current  Error; 

±0.2  namps 

S. 

Output  Voltage  Drift  : 

<  S  pvolts 

6. 

Scaling  Factor,  Gain  & 

Voltage  Offset  Precision: 

0.03% 

7. 

Sampling  Frequency  : 

1.2  Hz  to  2.6  KHz 

8. 

Test  Clock  Output  : 

28  usee.  TTL  O/P  with  a  27  n 

resistor 

9. 

Sampling  Pulse  : 

0.6  usee.  +2  volts  into  a  SO  n 

resistor 

Filter  -  low  nass  RLC.  2°  orHor 

1, 

3  dB  Cut-off  Frequency  : 

40  KHz 

2. 

I/O  DC  Resistance  : 

600  n 

Active  Termination 

1. 

Input  Impedance  : 

son  to  ground  with  I/P  voltage 

of  0  to  2  volts 

2. 

Output  : 

open  collector 

soon  to  5  volts  (soon  resistor  In  A/D  converter) 
I^  max.  (sink)  ^  100  mllliamps 
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APPENDIX  B 

NOVA  A/D  CONVERTER  PROGRAM 
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B .1  ProRrar.  Listing 


The  following  program  listing  does  not  include  the  NOVA  library 
subroutines:  TAPE,  TYO,  TYl  and  ACCEPT,  which  are  called  by  the  program. 
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NOVA  A/0  CONVERTER  PROGRAM 


COARSE  OPTICAL  POWER  SPECTRUM  SAMPLING  SYSTEM 


INPUTS  :  FILE  NO 

NO  OF  RECORDS 
HEADER  RECORD 
CONTINUATION  CODE 


•  TITL 

DIGITIZATION 

;  VERSION  JULY  1980 

0 

.NREL 

.EXTN 

TYO  ACCEPT  TAPE 

TYI  ; EXTERNAL  SUBROUTINES 

• 

•  DU  SR 

ADCV»21 

;A/D  CONVERTER  DEVICE  CODE 

START: 

INTDS 

JSR 

10 

0 

0 

@.TAPE 

; REWIND  TAPE 

JSR 

9.  TYO 

jFILE  NO  PROMPT 

Ml 

AC  Is 

JSR 

9. ACCEPT 

; INPUT  TAPE  FILE  NO. 

-1 

FN 

OSZ 

FN 

JMP 

A2 

jNOT  FIRST  FILE  ON  TAPE 

JMP 

Al 

;FIRST  FILE 

A2: 

JSR 

9. TAPE 

; POSITION  TAPE  TO  BEGINNING 

30 

0 

;OF  DESIGNATED  PILE 

0 

OSZ 

FN 

JMP 

A2 

Al: 

LDA 

0,.BUFA 

{CLEAR  HEADER  RECORD  BUFFER 

STA 

0,20 

SUB 

0,0 

LDA 

1,C37 

STA 

0,920 

UNCLASSIFIED 


UNCLASSIFIED 


INC 

1,1  SZR 

JMP 

.-2 

JSR 

@.TYO 

M3 

JSR 

@.TYI 

BUFA 

JSR 

e.TAPE 

50 

BUFA 

C37 


JSR 

@.TYO 

M4 

JSR 

-1 

NREC 

ACCEPT 

JMP 

A4 

.TYI: 

TYI 

.TYO: 

TYO 

.TAPE! 

TAPE 

.ACCE: 

ACCEPT 

FN; 

0 

WDCT ! 

-4096. 

NREC: 

0 

CONTs 

0 

.ADRl: 

ADRl 

.ADR 2: 

ADR2 

.BUFA: 

BUFA 

C37: 

« 

-37. 

1 

A4: 

SUB 

0,0 

LDA 

1,.ADR1 

LDA 

2 , WDCT 

SKPBZ 

ADCV 

JMP 

.-1 

OOA 

0 , ADCV 

DOB 

1,ADCV 

DOCP 

2, ADCV 

SKPBZ 

ADCV 

JMP 

.-1 

TAPI: 

JSR 

#.TAPE 

50 

ADRl 

-4096. 

DSZ 

NREC 

JMP 

A3 

JMP 

OUT 

A3: 

SUB 

0,0 

; HEADER  RECORD  PROMPT 

; INPUTS  ASCII  CODE  FOR  INFO. 
; HEADER  RECORD 
; WRITE  INFO.  RECORD  ON  TAPE 


;NO  OF  RECORDS  PROMP 
; INPUT  NO  OF  RECORDS 


.•CHARACTER  TELETYPE 
;I/0  ROUTINES 
;TAPE  ROUTINE 

jNumerical  teletype 

S INPUT  ROUTINE 
jFILE  NO 

jNEGATIVE  RECORD  WORD  COUNT 
;NO  OF  RECORDS 
; CONTINUE  CODE 
{ADDRESSES  OP  ADCV 
{STORAGE  BUFFERS 


{FIRST/FINAL  CHANNEL  SELECT 
{ADDRESS  OF  BUFFER  1 
{NEGATIVE  WORD  COUNT 
{WAIT  FOR  ADCV  TO  BE  FREE 

{LOAD  ADCV  CHANNEL  REGISTER 
{LOAD  ADCV  ADDRESS  COUNTER 
{LOAD  ADCV  WORD  COUNTER,  START  ADC 
{WAIT  FOR  ADCV  TO  FINISH 


{WRITE  BUFFER  1  ON  TAPE 


{CHECK  ALL  RECORDS  DONE 
{NO 
{YES 

{FIRST/FINAL  CHANNEL  SELECT 
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LOA 

1, .ADR2 

; ADDRESS  OF  BUFFER  2 

LDA 

2,VIDCT 

.•NEGATIVE  WORD  COUNT 

SKPBZ 

ADCV 

:WAIT  FOR  ADCV  TO  BE  FREE 

JHP 

.-1 

OOA 

O.ADCV 

;LOAD  ADCV  CHANNEL  REGISTER 

DOB 

1 , ADCV 

:LOAD  ADCV  ADDRESS  COUNTER 

DOCP 

2, ADCV 

;LOAD  ADCV  WORD  COUNTER,  START  ADCV 

SKPBZ 

ADCV 

;WAIT  FOR  ADCV  TO  FINISH 

JNP 

.-1 

TAP2: 

JSR 

•@.TAPE 

jWRITE  BUFFER  2  ON  TAPE 

50 

AOR2 

-4096. 

DSZ 

NREC 

; CHECK  ALL  RECORDS  DONE 

JNP 

A4 

t 

OUT: 

JSR 

60 

0 

A 

TAPE 

.•WRITE  EOF  ON  TAPE 

AS: 

u 

JSR 

@.TYO 

;PROMPT  FOR  CONTINUING  TO 

N6 

;NEXT  FILE 

JSR 

@. ACCEPT 

; INPUT  CONTINUE  CODE 

-1 

CONT 

LDA 

O.CONT 

;TEST  FOR  CONTINUE 

MOV 

0,0, SZR 

JNP 

A1 

;YES 

* 

JSR 

@.TAPE 

;NO 

60 

0 

;WRITE  A  2ND  EOF  ON  TAPE 

JSR 

0 

e.TAPE 

10 

0 

; REWIND  TAPE 

• 

t 

HALT 

0 

t 

JNP 

START 

9 

nttnt 

t 

nmmnmmummnunjsni}}',  n  mitt  ftttnttttmttf, 

; 

Nl: 

•  TXT 

9  A  TO 

0 

C0NVERTER<1S><12><12>INPUT  TAPE  FILE  MO. 

H3: 

.TXT 

9  INPUT 

COMMENTS  (UP  TO  73  CHARACTERS) < ISX 12>  9 

N4i 

•  TXT 

«  INPUT 

NO 

OP  RECORDS  >  9 

M6: 

J 

.TXT 

i  ENTER 

1 

TO  CONT.  ,  0  TO  STOP  >  f 

} 

BUPA: 

.BLR 

37. 

: STORAGES  BUFFERS 
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DRl: 

ADR2: 


.BLK 

.BLK 

.END 


4096. 

4096 

START 
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B.2  Operating  Instruction  (See  figure  16) 


1.  Turn  on  the 

a)  A/D  converter 

b)  NOVA  computer  and  computer  console 

c)  the  teletype 

d)  256  K  word  fixed  head  disc  located  In  the  cabinet  below  the  teletype 

e)  tape  drive,  interface  and  fan. 

The  data  and  clock  cables  from  the  Interface  should  be  connected  to  the 
first  Input  channel  and  the  oscillator  input  respectively  of  the  converter. 
The  magnetic  tape  transport  select  should  be  on  zero. 

2.  If  the  Infrared  Spectrometer  has  been  used  since  the  last  time  the  program 
was  run,  the  Disc  Operating  System  (DOS)  must  be  bootstrapped  from  tape  and 
Installed  in  the  fixed  head  disc.  However,  the  Spectrometer  must  first  be 
turned  on  by 

a)  opening  the  valve  of  Its  nitrogen  gas  coolant  (the  needle  on  the 
dial  with  the  red  lettering  should  move) 

b)  turning  on  its  power  supply 

to  disenable  any  Interrupts  from  it.  It  can  be  turned  off  once  the  A/D 
converter  program  is  running.  To  bootstrap  and  Install  the  DOS 

a)  Mount  the  28K  magnetic  tape 

i)  press  the  LOAD/UNLOAD  button  on  the  tape  drive 
11)  mount  the  tape  without  a  WRITE  ring  (The  FILE  PROTECT  light 
will  come  on) 

ill)  press  the  LOAD/UNLOAD  button  again  and  close  the  cabinet  door 
Iv)  press  the  FORWARD  button  (The  tape  will  advance  until  the  load- 
point,  marked  by  a  silver  strip,  is  reached.  The  loadpolnt  is 
the  logical  beginning  of  the  tape.) 
v)  press  the  REMOTE  button  to  put  the  tape  unit  on  line. 

b)  On  the  computer  console,  there  are  16  data  switches  through  which 

binary  addresses  and  data  can  be  supplied,  and  a  series  of  operating 

switches.  Using  these  switches,  a  loader  program  which  loads  the 

system  from  the  magnetic  tape,  is  first  stored  at  locations  376,, 

<5 

ard  377g  in  the  computer  by 

1)  entering  the  address  376g 

11)  lifting  the  EXAMINE  switch 
ill)  entering  the  Instruction  code  60122g 

Iv)  lifting  the  DEPOSIT  switch. 
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A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

O. 
P. 


Tape  Drive  Controls 
Tape  Drive  Cabinet  Door 
Tape  Drive  Interface 
Tape  Drive  Fan 
A/D  Converter 
A/D  Converter  Clock  Inputs 
A/D  Converter  Data  Input  f 
Computer  on/off  dudtch 
Computer  Console  on/off  Key 
Data  Switches 
Operation  Switches 
Teletype  on/off  Switch 
Fixed  Bead  Disc  on/off  Switch 
Nitrogen  Gas  Coolant  For  Spectrometer 
Spectrometer  Power  Switch 
Data  Cables  from  Interface  Unit 


From  Interface  Unit 


FIGURE  16  -  THE  NOVA  1200  COMPUTER  AND  ITS  ACCESSORIES 
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Next,  the  instruction  to  jump  to  location  377„  is  stored  at  377„  by 

o  o 

1)  entering  the  address  377g 
11)  depressing  the  DEPOSIT  NEXT  switch. 

The  stored  Instructions  are  executed  by 

1)  entering  the  address  376g 
11)  lifting  the  RESET  switch  and  then  the  START  switch. 

c)  If  all  has  gone  well,  the  message 

FULL  (4))  OR  PARTIAL  (I)? 

will  be  printed  by  the  teletype.  The  system  is  asking  the  user 
if  he  wishes  a  full  or  partial  initialization  of  the  DOS  file 
directory.  A  partial  initialization  is  done  only  when  the  DOS  has 
been  loaded  already. 

d)  File  16  on  the  tape  contains  the  DOS  and  the  A/D  program  so,  to  load 
the  converter  program  key  in 

LOAD/V  MT0:16 

on  the  teletype.  The  teletype  will  list  the  programs  loaded  and 
will  respond  with  the  ready  message:R. 

e)  Dismount  the  DOS  tape  by 

i)  pref  ,ing  the  STOP/START  button  on  the  tape  drive  to  take  the 
tape  unit  off-line 

ii)  pressing  the  LOAD/UNLOAD  button  and  dismounting  the  tape. 

f)  Install  the  fixed  head  disc  as  the  only  device  from  which  the  DOS 
can  be  bootstrapped  by  keying  in 

INSTALL  SYS.SV 

The  teletype  will  answer  back  with  the  ready  message.  Now,  if  at  any 
time,  the  DOS  has  to  be  re-bootstrapped,  the  same  procedure  is  followed 
as  before  except  that  instead  of  the  instruction  previously  stored 
at  loc.  376g,  the  instruction  to  start  the  fixed  head  disc  is  stored 

instead.  The  code  for  this  instruction  is  60120g  and  the  teletype 
will  respond  with  the  messages 

DOS  REV  05 

R 

Mount  the  data  tape  and  call  the  NOVA  A/D  converter  program. 
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a)  Mount  a  data  tape  with  a  WRITE  ring  on  the  tape  drive.  The  FILE 
PROTECT  light  should  not  go  on. 

b)  Key  in,  to  call  the  NOVA  A/D  converter  program, 

COPSE 

The  program  will  be  loaded  into  core  starting  at  loc.  lOOOg.  To 
restart  the  program 

I)  depress  the  STOP  operating  switch 
11)  enter  the  address  1000 g 

ill)  lift  the  RESET  switch  and  then  the  START  switch 
the  NOVA  A/D  converter  program. 

The  teletype  will  respond  with  the  message 
A/D  CONVERTER 
INPUT  TAPE  FILE  NO.  > 

asking  the  user  to  key  In  the  file  number  on  the  tape  where  the  data 
is  to  be  stored.  The  nxnnber  should  be  one  greater  than  the  number 
of  files  already  on  the  tape. 

b)  The  teletype  will  then  answer  back  with  the  prompt 

INPUT  COMMENTS  (UP  TO  73  CHARACTERS) 

for  the  user  to  type  in  the  header  record.  This  Is  the  first  record 
in  the  file  and  contains  information  concerning  the  experiment.  It's 
format  (figure  11)  is  as  follows 

i)  experimental  code  -  character  string  used  to  identify  the  data 
file 

II)  at  least  one  blank 

ill)  number  of  data  records  in  the  file  -  the  number  of  times  the 
RS-WD6420  detector  is  to  be  completely  sampled  during  one 
experiment 

iv)  optional  blanks 

v)  mode  of  operation  -  LG  for  log,  LN  for  linear 
vl)  optional  blanks 

vil)  sampling  frequency  in  hertz  in  order  of  usage  -  default  of  500 
vlll)  a  slash 

lx)  gains  in  order  of  usage  -  default  of  1 
x)  slash 

xi.)  scaling  factors  in  order  of  usage  -  default  of  1 
xll)  slash 

xill)  offset  voltages  -  default  of  0 
xlv)  slash 

xv)  neutral  density  transmittance  settings  -  default  of  1 


5.  Run 
a) 
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xvl)  slash 

xvii)  description  of  experiment  -  short  character  string  containing 
information  the  user  might  think  is  important. 

Note,  the  processing  program  assumes  a  one-to-one  correspondence 
between  the  number  of  data  records  and  the  gain,  scaling  factor, 
offset  voltage,  transmittance  and  sampling  frequency  entries. 

If,  for  any  of  these  settings,  the  number  of  entries  is  less 
than  the  number  of  data  records,  the  last  entry  is  assumed  to 
apply  to  the  overflow. 

c)  Next,  the  prompt 

NO  OF  RECORDS  > 

will  be  printed  asking  the  user  to  type  in  the  number  of  data  records. 
Sampling  will  only  begin  after  the  START  button  on  the  interface  has 
been  pressed.  After  each  record  has  been  stored  on  the  tape,  the 
Start  button  has  to  be  pressed  again. 

d)  When  the  asked  for  number  of  records  have  been  stored,  the  message 

ENTER  1  TO  CONT.,  0  TO  STOP  > 

will  appear  on  the  teletype's  output.  Keying  in  1  causes  the  program 
to  re-cycle.  The  new  records  are  stored  in  the  next  file  on  the  tape. 
Keying  in  0  rewinds  the  tape. 
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APPENDIX  C 

XEROX  COPSE  DATA  PROCESSING  PROGRAM 
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C.l  ProRrain  Listing 


A  listing  of  the  main  program  RDCOPSE  Is  given  along  with  that  of 
its  three  subroutines:  ASC,  CPIXl  and  PLOTT. 
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7  RDCOPSE  FN 
Cl]  A 

[2]  «  DATA  PROCESSING  PROGRAM 

[3]  «  COARSE  OPTICAL  POWER  SPECTRUM  ESTIMATOR 

[4]  A 

[5]  STRP  Sit')  SET  E  IN  DC/ •  .  PW  .  •  ;  SIZB=8 192  ’  ;  Bt-^70  p  '  ’ 

[6]  DES-^-IlN^-pIURDRil-^i' /  '  =HDR-^ASC  ,i>37  2pa])/i73A  DECODE  HEADER 

RECORD 

[7]  EXPCDE->-HDR\.\  1 +«/l-HffD/?  [  iJ  [  i  ]  ]  ^  •  •  ]  ;  I-I .  (  "  1  ♦!  )  +  i  5 -W 

[8]  -*-S2;/4-<-BD/?[«;i+i«/2-./l  +  l]  .BDPC.72+l+iICl]-c72  +  2];DP-^ffDi?[«72  +  l]  ;-►( 
(i'Cl]  +  l)=.A2-^BD/?CilCl]]i'D*)/51 

[9]  Sl:OP-<-'//'  ;/1-^BDff[J’l+iI[l]-J-l  +  l] 

CIO  ]  52  i*SmSF->rNRpSQQiNR*-Ai-*{2*pl.A-*-tA)/ S3 

Cll]  53:SF-<-SF,(A//?+l-pO.SP)p  IF 0 .SP-^l +  /1 ; C 1  ] 

Cl2]  S4:C-HC.(Wff+l-p5,0)p  IF  1  .C--c5Dff  Cl  C 1  ]  +  iIC  2  ] -IC 1  ] +1  ] 

Cl3  ]  (yVff  +  l-pM,  l)p“lFl.Af-^c5DffC-Z'C2]  +  ilC3]-lC2]  +  l] 

Cl4]  FOFF^70FF.(Wff  +  l-pFDFF.O)p"lFO.VOFF-He»Dff[I[3]  +  ilC4]-lC3]  +  l] 
Cl5]  .(/Vff  +  l-prF.l)p  l.rff-i-€ffDFCi"C4]  +  iIC5]-IC4]  +  l] 

Cl6]  A 

Cl7]  SSi'EXPT.  N0.=  'iEXPCDEi'  DESCRIPTION-  ' ;DF5;FFa  0/P 

EXPT.  CONSTANTS 

Cl8]  'NO  OF  DATA  RECORDS  =  ' iNR 
Cl9]  'SAMPLING  FREQUENCIES  =  • ;5F 

[20]  'MODE  OF  OPERATION  =  L' i ((0P= ' G' ) , iOP- ' N ' )) / ' ol ' iOP 

[21]  'GAINS  =  *;(? 

[22]  'SCALING  FACTORS  =  •  ;Af 

[23]  'OFFSET  VOLTAGES  =  ' iVOFF 

[24]  'ATTENUATOR  TRANSMIT! ANCES  =  '  xTR 

[25]  A 

[26]  DD-H(;Vff  .64)pO;I-^54pO;/V-^I;l!lA  PROCESSING  OF  DATA  RECORDS 

[27]  SS-.'RECORD  PLOT!  SAMPLESx-{\)  FOR  755,(0)  FOR  NO' iD*- 

64  64pCPr71ffl 

[28]  DS->-0iPL0TT  (~PL-»-D)  /  57 

[29]  57:->-(0P=  VC’  )/58;I^FDFF[ff]  +  (  (+/  { ( ( D5p0 )  ,  F5p  1 ) /D)  )  F  (  25 . 6x5[W] 
xW5-^64-D5-^((~PD)  ,PL)/H.DS)) 

[30]  -►59;D0[IV;]-^0.1xItM[.V];Cr-*-’MIDDr4MPS’ A  LINEAR  MODE  OF  OPERA 
TION 

[31]  S8;D0[W;]-^10*((I-6)F2)  ;Cr-i-»MICP04MP5' A  LOG  MODE  OF  OPERATI 
ON 

[32]  SSiBLiBLi'PROCESSED  DATA-RECORD  NO.  ’;W;'  HI  IN  'iCTiERPt 
OUTPUT  PROCESSED  DATA 

[33]  ,'Al'  EFM'RING'i,'A6'tiFM'  '  i  Al' EFM' INTENSITY  '  i  AS' EFM' 

.' Al' EFM'WEDGE' i ,'AS'EFM'  ' i ,' Al' &FM ' INTENSITY ' 

[34]  *12,77 ,F10 . 3,76,12,7  8,510 .3*  AFW(\ 32; DOC V; 1 32]; i32;D0[5; 3  2+1 
32)) iBL iBL 

[35]  A 

[36]  'PROCESSED  DATA  RECORD  NO.  ’;D;*  NORMALIZED  TO  *;.V7;’  ';C2’; 
ERi\SiK-^liMX^[  /DOLNi) 

[37]  AXESiWD  0  6  0  6;5C£,  "3  66  "0.05  1.1 

[38]  510:-(6427+7+l)/5l0;(7,(DO[5;7]FiV7))PDr'x' 

[39]  A 

[40]  -+(VF2/V-^/V  +  1)/56;5P;0 
7 
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V  PLOTT  N 

[1]  n 

[2]  n  PLOTTING  ROUTINE  PHOTO-DIODES  SAMPLES 
[3  ]  n 

[4]  'ffECO/PD  NO.  =  PAGE  '  \PG',PG-^1-,ER 

[5]  51  :WA^r-H2+r/D[I;  ];M7/IP^“2+L/DCI;  ] 

[6]  Z;2-^2.9  +  L1-^((L1=0)x(V17:o))x3.1;-^(5.8SV2-^(/1«<-0.25>‘(.V/1X'--VIY)/ 
52 

[7]  5/?;!!l;-^(Z,l<0)/52;(/2-<-((V<6)  .  ( V> 6 ) )  /  ( V .  6 )  ; Vl-<-0 

[8]  'RECORD  NO.  =  ';Ar;'  PAGE  '  ; Pff ;PG-'-PG+ 1 

[9]  52:/lJr55;  (“3,(V^;ir-MI/7)t2)Py2’  liSCL  ~3  6& .MIN  .MAX  iWD  L1.L2, 
Vl,h'2 

[10]  Vl-^4'2  +  0 . 25  ;«;-^-l 

[11]  53  :-*-(64>J-»-</+l)/53;  (J.D[I;J])Pyr*  ' 

[12]  'DROP  ?N0.  OF  SAMPLES'  •.ERiVii-'-(.6t\iI--I+i.) /SI 
7 


7  Z-^ASC  F 

[1]  Z-^ASCEB  AAL  F 

[2]  fl  ROUTINE  TO  TRANSLATE  A  CHARACTER  ARRAY  FROM  ASCII  TO  EB 
CDIC 

7 


7  Z^CPIXl  P;M 

[1]  Z-^(-M»2)  ♦  ,^65535  65536x26  AF  P ,  ( M-^4  |  pP)  pWl/L 

[2]  (hGIVE  THE  DECIMAL  VALUE  OF  A  HALF  WORD  CHAR  STRING  . 
7 
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C.2  Operating  Instructions 

1.  Working  with  magnetic  tapes  in  APL  is  difficult.  Therefore,  the  first 
thing  the  user  must  do  is  dump  the  desired  data  file  onto  an  AFL  public 
disc  pack.  To  do  this,  the  following  instructions  are  executed  on  a 
terminal  after  the  user  has  logged  on 

a)  :m  please  mount  TAPE  FT#  nnnn  (NO  RING) 

This  is  a  message  to  the  operator  telling  him  to  mount  tape  FT#  nnnn. 
(Note,  nnnn  stands  for  the  serial  number  of  the  tape.) 

b)  '.ERROR 

All  the  messages  the  tape  deck  sends  to  the  operator  will  now  appear 
on  the  terminals  screen.  The  tape  deck  sends  the  operator  the 
message 

S:  MOUNT  9TA80,  nnnn 

until  he  complies  with  the  request.  The  message 
0:  M  A80 

will  then  be  sent  by  the  operator 

c)  tPCL 

d)  >SPF  FT#  nnnn,m 

This  tells  the  tape  deck  to  space  forward  m  files,  m  should  be  one 
less  than  the  desired  file  number. 

e)  >C  FT#  nnnn  (1-1000)  to  DC/FN 

Copies  the  data  file  onto  the  workspace  named  FN  by  the  user.  FN  is 
a  character  string,  usually  COPSE  followed  by  a  file  number.  The 
system  responds  with 

. . .COPYING 

and,  after  the  copying  is  complete,  with 

- EOF - ENCOUNTERED  AFTER  M 

M  gives  the  number  of  records  In  the  file. 

f)  >REM  FT#  nnnn 

Remove  the  tape  from  the  tape  deck.  The  system  will  send  the  operator 
the  message 

S:  SAVE  9TA80,  nnnn 

until  he  has  complied  with  the  request.  The  operator  will  then  send 
the  message 

0:  S  A80 
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g)  >E 

2.  Working  on  a  Techtronlc  terminal,  the  user  executes  the  following  Instructions 
after  he  has  logged  on 

'.APL 

)LOAD  COPSE.420L 
RDCOPSE  FN 

to  call  the  COPSE  data  processing  program.  Remember  FN  is  a  character 
string.  It  must  be  enclosed  In  quotes. 

3.  The  program  will  first  decode  and  output  the  contents  of  the  header  record 
but  It  will  wait  for  the  user  to  press  the  carriage  return  before  continuing 
giving  the  user  time  to  copy  the  Information. 

4.  Next,  the  message 

RECORD  1  PLOTT  SAMPLES?  -  (1)  FOR  YES,  (0)  FOR  NO 
and  prompt  for  the  answer 
0: 

appears  on  the  screen.  If  the  user  elects  to  plot  the  samples,  they  are 
plotted  as  a  function  of  element  number  after  which  the  program  prompts 
with 

DROP?  NO.  OF  SAMPLES 
0: 

asking  the  user  how  many  samples  he  wishes  to  drop  from  each  group  of  64. 

5.  The  estimates  of  |l^|  for  each  diode  are  listed.  Then,  the  program  waits 

till  the  user  presses  the  carriage  return  before  It  plots  the  estimates 
normalized  to  their  largest  value  as  a  function  of  element  number.  Another 
carriage  return  signals  the  program  to  read  In  the  next  record  and  to 
repeat  steps  4  and  5.  The  process  continues  until  all  of  the  data  records 
In  the  file  has  been  read  In  and  processed. 
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C.3.  Examples  of  Program  Output 
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rxpr.  NO.’  13  PiscfiiprioN-  wo.  rrsr  s 

NO  or  DOT  A  KECOfTDS  •  9 

SONPLINO  FPrOUFNCIES  •  100  200  300  2490  2490  2490  2490  2490 

2490 

HOPE  OF  OPEPOTTON  -  LOC 

COINS  ■  1  I  1  1  1  1  1  1  1 

SCOLENG  fOCTonS  •  1  1  1  1  1  1  1  1  1 

OFFSET  OOLTOofS  -044444444 

AITENUOrOP  TPMSHJTTONCES  ■  0  1.9  1  1  1  1  1  1  1 
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PPOCESSEP  MTA 

-ffCCOffO  NO.  : 

1  111  IN  mcnoptips 

KINd 

JNTCHStTY 

UEDCC 

INTFMSITY 

1 

0.021 

1 

1.548 

2 

0.122 

2 

1.492 

3 

0.060 

3 

1.402 

4 

0.117 

4 

1.331 

5 

0.191 

5 

1.274 

6 

0.279 

6 

1.222 

7 

0.411 

7 

1.192 

8 

0.583 

a 

1.141 

q 

0.773 

9 

1.145 

10 

1.020 

10 

1.115 

11 

1.278 

11 

1.163 

12 

1 .604 

12 

1.185 

13 

2.000 

13 

1.223 

14 

2.445 

14 

1.270 

15 

2.989 

15 

1.322 

16 

3.536 

16 

1.407 

17 

4.U4 

17 

1.496 

18 

4.797 

18 

1.582 

19 

5.437 

19 

1.687 

20 

6.260 

20 

1.806 

21 

7.110 

21 

1.908 

22 

8.058 

22 

2.088 

23 

8.970 

23 

2.220 

24 

10.068 

24 

2.393 

25 

11.040 

25 

2.616 

26 

12.979 

26 

2.847 

27 

13.216 

27 

3.071 

28 

14.341 

28 

3.345 

29 

IS. !25 

29 

3.668 

30 

1-/.2S3 

30 

3.954 

31 

17.319 

31 

4.271 

32 

t  -1 .  1 ; 

32 

4.656 
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